The upstream sequences of all published lignin peroxidase and manganese peroxidase genomic clones from Phanerochaete chrysosporium were analyzed. This analysis revealed the presence of putative activator protein-2 (AP-2) recognition sequences in 11 of 15 lignin peroxidase genes. The lignin peroxidase clone GLG6 and the manganese peroxidase gene (mnp-1) have two copies of putative AP-2 sequence in the upstream region.
Although the products of fungal secondary metabolism have received much attention, our knowledge of the mechanisms regulating gene expression during the secondary metabolic phase (idiophase) is limited. Lignin degradation by the basidiomycete fungus Phanerochaete chrysosporium is a secondary metabolic event (8, 14) , and the wide array of enzymes involved in degrading lignin is expressed only in nitrogen-or carbon-limited idiophasic cultures. A family of lignin peroxidase (LIP) isozymes and a family of manganesedependent peroxidases (MNPs), which are encoded by lip and mnp multigene families, are considered to be the major components of the lignin degradation system of P. chrysosporium (5, 14) . Multiple LIP and MNP isozymes are produced simultaneously in idiophasic cultures of P. chrysosporium. Although N or C starvation appears to trigger the production of LIPs and MNPs, a number of other factors have been implicated in differentially regulating the expression of various genes within lip and mnp gene families (1, 5) . The expression of these gene families by nutrient nitrogen is controlled at the transcriptional level (1, 3) . A number of genomic lip clones that have been isolated, characterized, and sequenced are listed in Table 1 . Whereas the allelic relationships between various cloned lip genes remain unclear, it is apparent that there are multiple lip and mnp genes in the wild-type strains of P. chrysosponum (1, 5) . Despite much research, the mechanism of regulation of these multigene families is not known.
In recent years, it has become abundantly clear that eukaryotic gene expression is regulated by the interaction of RNA polymerase II with one or more transcription factors. Even though transcription factors involved in regulating lip or mnp genes have not been identified, the presence of SP1 and activator protein-2 (AP-2) transcription factor recognition sequences and at least five putative metal response elements in the upstream region of one MNP gene (mnp-1) has been reported (1). The mammalian transcription factor AP-2 mediates transcriptional activation in response to two different signal transduction pathways: cyclic AMP (cAMP) and protein kinase C (13) . The presence of an AP-2-binding site in the mnp-1 gene, taken together with the observed sharp increase in intracellular cAMP levels which coincides with the transition to idiophase (15, 16) , and the reported involvement of cAMP in differential regulation of LIP and MNP activities (6) in nitrogen-limited cultures of P. chrysosporium support the notion that an AP-2-like factor may be involved in controlling lip and mnp gene families. Since the production of all LIP and MNP isozymes is regulated by nitrogen as well as by cAMP, it seemed logical to expect the presence of a common conserved structural element in the upstream regions of all lip and mnp genes. Because cAMP regulation can be mediated by cAMP-response elements (CRE) and/or AP-2 binding sequences in the upstream regulatory regions, Boominathan and Reddy (6) searched for these sequences in all published lip sequences. They reported that neither CRE (5'-TG/TACGTCA-3') nor AP-2 (5'-TGGGGA-3')-binding sequences present in the mnp-1 gene (1) could be located in any of the lip sequences reported to that date. However, CRE (5'-TGACGTC-3') and an AP-2 binding sequence (5'-GGGCTCCC-3') were observed in the recently reported lip gene (LG2) sequence (20) .
Since multiple LIP isozymes are induced in idiophasic cultures and all appear to be subjected to regulation by cAMP (6) , it appeared unusual that no common cAMP responsive elements could be located. I examined the literature and found that the sequence 5'-GGGCTCCC-3' identified as the putative AP-2-binding site in LG2 (20) is not only different from the sequences recognized as a putative AP-2 binding site (5'-TGGGGA-3') in the mnp-1 gene (1) (24) .
Nucleotides upstream from the ATG codon representing the first methionine of the conceptual polypeptide. d The deduced amino acid sequence is nearly identical (minor one-to three-amino-acid substitutions), but upstream sequences are different.
As judged by authors reporting the sequence, the sequence is highly homologous but not identical to the H8 sequence.
f-, upstream sequences not reported. 9 ?, not known. Table 1) . The search included all of the recognition elements listed in the compilation of vertebrate-encoded transcription factors (9) . Although a number of recognition elements could be identified in various clones, no common element could be found. However, the AP-2 binding sequence (13, 17) included in the compilation by Faisst and Meyer (9) differs from the 5'-GN4GGG-3' sequence identified by using methylation interference studies by Williams and Tjian (24) . Moreover, neither of these match the putative sequences identified in mnp-1 and LG2 clones. A search for the AP-2-binding sequence reported by Williams and Tjian (24) revealed that it is present in 11 of 15 LIP genomic clones for which upstream sequences have been reported. (24) . By comparing all 11 putative AP-2-binding sequences present in the upstream regions of P. chrysosponum lip genes, a consensus sequence, 5'-G(C/G)(C/T)(T/ A/G)(A/T)GGG-3', can be derived.
Even though the P. chrysosporium putative AP-2 consensus sequence 5 
'-G(C/G)(C/T)(T/A/G)(A/T)GGG-3' identified
here was not found in the upstream sequences for LIG3 and LIG4 clones from P. chrysosporium, the possibility that this element might be present further upstream cannot be ruled out, since only limited upstream sequences have been reported. The clones 0282 and GLG1 also lack the AP-2 consensus sequence found in other lip genes, and it is likely that these are not expressed under nitrogen limitation. Studies using gene-specific probes are necessary to determine whether these genes are actually expressed and are subject to regulation by nutrient nitrogen.
Interestingly, the upstream region of the mnp-1 gene has two putative AP-2-binding sites, 5'-GGGTGGGG-3' (-293) and 5'GCTGGGGG-3' (-416). Similarly, the upstream region of the lip gene GLG6 shows two putative AP-2-binding sites, the 5'-GGCGAGGG-3' (-119) site shown in Table 1 and the 5'-GCGGAGGG-3' (-99) site which overlaps with the SPl-binding site. Additionally, the cloned lip gene, VLG1, from another white rot fungus, Trametes versicolor, also shows two 5'-GN4GGG-3' elements, 5'-GAGGAGGG-3' and 5'-GAGCCGGG-3', located 134 and 127 nucleotides, respectively, upstream from the first ATG of the deduced polypeptide (4 
